Dystroglycan is a membrane component of the dystrophin-glycoprotein transmembrane complex. Its expression is required for the spatial organization of laminin on the cell surface and for basement membrane assembly. In view of the constitution of a perisinusoidal basement membrane during liver fibrosis, we studied dystroglycan expression in liver fibrosis. Dystroglycan mRNA and protein expression were investigated by immunofluorescence, Western blot, and quantitative RT-PCR (TaqMan) in normal human and rat liver and in isolated rat hepatic stellate cells. On Western blot, a 43-kd band corresponding to ␤-dystroglycan was observed in protein extracted from normal and fibrotic human and rat livers. The specific 43-kd protein was also detected in lysates from rat hepatic stellate cells but not from hepatocytes. By immunofluorescence, patchy deposits of ␤-dystroglycan were detected on membrane of hepatic stellate cells in culture. On Western blot and quantitative RT-PCR, an up-regulation of ␤-dystroglycan was shown during spontaneous activation of hepatic stellate cells in culture. Direct evidence for the role of dystroglycan in laminin-hepatic stellate cell interaction was shown because specific antibody directed against ␣-dystroglycan inhibited partially hepatic stellate cell adhesion on laminin-coated plates. This mechanism was calcium dependent because EDTA inhibited cell/laminin adhesion, an effect reversed by addition of Ca 2ϩ . This study shows that dystroglycan is expressed on the membrane of hepatic stellate cells and is up-regulated during liver fibrosis. Dystroglycan interaction with laminin should be implicated in the concentration of pericellular laminin and in the constitution of a perisinusoidal basement membrane during liver fibrosis. (Lab Invest 2002, 82:1053-1061.
D
ystroglycan (DG) is a recently characterized transmembrane protein that plays a critical role in organizing extracellular matrix proteins on the cell surface (Hemler, 1999; Henry and Campbell, 1999) . Originally isolated in skeletal muscle membrane as part of a protein complex called the "dystrophinglycoprotein complex," DG is expressed in a variety of cell types, indicating that its function is not restricted to muscle (Durbeej and Campbell, 1999; Durbeej et al, 1998b; Raats et al, 2000) . It is encoded by a single messenger RNA that, by post-translation processing, forms the extracellular highly glycosylated ␣-DG subunit and the smaller transmembrane ␤-subunit. These two subunits are noncovalently but tightly associated (Durbeej et al, 1998a) . In muscle, ␣-DG binds to extracellular matrix proteins containing laminin-type G domains (laminin-1 and -2, agrin, perlecan), whereas the ␤-subunit binds through its cytoplasmic tail carboxyl terminal portion to intracellular dystrophin and dystrophin-related proteins (Bowe et al, 2000; Hohenester et al, 1999; Huang et al, 2000; Saito et al, 1999; Talts et al, 1999; Tisi et al, 2000) . Therefore, DG is believed to form an important link between the cytoskeleton and the extracellular matrix.
A dynamic role for DG in basement membrane formation has been recently demonstrated by genetic experimental evidence. In DG-null embryoid bodies, there was complete disruption of the basement membrane; and in embryonic stem cells, evidence showed that DG was needed to promote the assembly of a laminin matrix (Henry and Campbell, 1998) . From these studies, it was suggested that DG is necessary for the formation of a basement membrane, fulfilling its role by nucleating the assembly of a laminin matrix on the cell surface.
Capillarization of the sinusoid is one hallmark of liver cirrhosis (Schaffner and Popper, 1963) . Although the basement membrane is not detected at the ultrastructural level in the perisinusoidal space of normal liver, deposition of a continuous basement membrane along the perisinusoidal space is a characteristic feature of "capillarized" sinusoid in cirrhosis (BioulacSage et al, 1988) . The mechanism of this de novo basement membrane deposition is still unknown. Because an increase in the production of basement membrane components including laminin-2 is observed in this condition, we hypothesized that DG might also be involved in this process (Lietard et al, 1998) . In the present study, we show that DG is expressed in the liver and that hepatic stellate cells (HSC) are the major cellular sources of DG production. Furthermore, up-regulation is observed both during stellate cell activation and in models of rat liver fibrosis. Finally, experimental evidence is provided showing a direct interaction between HSC and laminin through transmembrane DG.
Results

DG Is Expressed in Rat and Human Livers
To estimate whether DG is expressed in the liver, we conducted Western blotting experiments on protein extracted from human and rat normal livers using anti-␤-DG and anti-␣-DG antibodies. With 43DAG, an antibody recognizing an epitope shared by human and rat ␤-DG, a specific 43-kd band was observed both in protein extracts from rat skeletal muscle, used as a positive control, and in rat and human livers (Fig. 1A ). An additional 27-kd band was also observed in extracts from rat tissues (skeletal muscle and liver). As reported previously, this band corresponded presumably to a breakdown product containing the C-terminus of ␤-DG (Yamada et al, 1996) . With IIH6 antibody, a specific antibody developed against the extracellular ␣-DG; a specific broad band at approximately 160 kd, with a slight difference in molecular weight according to samples, was also detected in skeletal muscle and in whole human and rat liver extracts (Fig. 1B ). These differences in molecular weights were related to variations in glycosylation of the extracellular ␣-DG (Moukhles et al, 2000) .
To assess the level of DG mRNA expression in the liver, mRNA was quantified by real-time quantitative RT-PCR. DG mRNA was detected at a low level in normal human and rat liver. In normal rat liver, DG mRNA was 5-fold lower than in skeletal muscle used as positive control. DG mRNA was also detected in heart, lung, and kidney. Relative mRNA levels in different rat organs are shown in Figure 1C .
DG Is Expressed by HSC
Because HSC is a potent candidate for DG expression, we studied, by Western blot, the expression of both the ␣-DG and ␤-DG protein component in primary cultures of rat HSC after 4 days in culture on plastic. Using anti-␤-DG antibody, the specific 43-kd band was detected in protein extract of HSC but not in extracts from primary hepatocytes ( Fig. 2A) . Similar results were observed with IIH6 antibody, a specific antibody developed against the extracellular ␣-DG (data not shown). DG expression by HSC was also supported by immunofluorescence of primary HSC 4 days after isolation. ␤-DG immunostaining appeared . A specific 43-kd band was consistently observed with anti-␤-DG antibody with an additional 27-kd band in rat tissues (lanes 1 and 3) that correspond presumably to proteolytic fragments of ␤-DG. With anti-␣-DG antibody, a major 160-kd band is observed. C, mRNA was extracted from liver, skeletal muscle, lung, kidney, and heart of normal Sprague-Dawley rats. mRNA DG was quantified using real time RT-PCR. The mRNA level of DG in the liver is defined as 1 unit of mRNA quantification. Results are expressed as mean value of three independent experiments Ϯ SD.
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as diffuse plaques located mainly on the cell membrane (Fig. 2B ). Intracellular cytoplasmic staining was also detected, which probably corresponded to intracellular synthesis and recycling of the receptor. No staining was observed when indirect immunofluorescence was performed after omitting the primary antibody or with an irrelevant antibody.
DG Is Overexpressed During Liver Fibrosis
Because of the possible role of DG in basement membrane deposition during liver fibrosis, we compared the level of expression of DG in two rat models of liver fibrosis. In both chronic CCl4 intoxication and the bile duct-ligated model, septal fibrosis was present as shown on standard stained sections (Fig.  3A) .
In the model of chronic CCl4-induced fibrosis and in comparison to the control group, a 1.6-fold increase of DG mRNA expression was observed (p Ͻ 0.05). In parallel, collagen ␣I(1) mRNA showed a mean 3.8-fold increase. In the bile duct-ligated model of fibrosis, a mean 3.2-fold increase in DG mRNA was observed in comparison to the sham-operated group (p Ͻ 0.01). In parallel, collagen ␣I(1) mRNA was increased 8.7-fold (p Ͻ 0.001). Results are illustrated in Figure 3B .
Because culture of primary HSC on plastic for several days reproduces the phenotypic modifications of HSC observed during liver fibrogenesis, we compared, by Western blot, ␤-DG expression in lysate of quiescent HSC obtained shortly after isolation with fully activated HSC after 7 days of culture. A strong up-regulation of the specific 43-kd band was observed ( Fig. 3C ).
This result was confirmed by immunohistochemistry of cirrhotic human liver. Using anti-␣-DG antibody, staining of perisinusoidal cells was observed in cirrhotic human liver (Fig. 4) . No staining was observed when primary antibody was omitted.
DG Is Involved in Laminin-HSC Adhesion
To assess the role of DG in the HSC-laminin interaction, HSC in their fully activated phenotype after 7 days in culture were plated onto laminin-coated dishes. After 2 hours, most HSC adhered and spread onto the laminin substrate (Fig. 5A ). When cells were plated on the same substrate in the presence of IIH6, a blocking antibody specific to the C-terminal extremity of the ␣-DG, cells did not spread, but became rounded or aggregate in small clusters (Fig. 5B ). Such an effect was not observed when nonspecific mouse IgM was used instead of IIH6 (Fig. 5C ). IIH6 did not interfere with HSC adherence on plastic. This strongly suggests that ␣-DG is involved in the laminin-cell interaction.
Because the laminin-DG interaction mechanism is known to be strongly Ca 2ϩ dependent, we assessed cell adhesion on the laminin substrate in the presence of EDTA, a calcium chelator. Under this condition, DG is produced by hepatic stellate cells (HSC). A, Tissue or cell lysates from rat skeletal muscle (lane 1), rat HSC lysate after 4 days in culture (lane 2), and primary rat hepatocytes (lane 3) were analyzed by Western blot using anti-␤-DG antibody. B, Immunofluorescence of ␤-DG in primary HSC. After isolation, cells were plated on coverslips, cultured for 4 days, and immunostained using anti-␤-DG antibody as described in "Materials and Methods." Patchy staining mainly located on the cell membrane is clearly visible.
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Laboratory Investigation • August 2002 • Volume 82 • Number 8 most cells became rounded and did not adhere to laminin (Fig. 5D ). The deleterious effect of EDTA was reversed when Ca 2ϩ was added to the culture medium (Fig. 5E ).
The number of adhesive cells under these different conditions was assessed using the lactate dehydrogenase assay. A 44 Ϯ 5% decrease in adhesive cells was observed in the presence of IIH6 (p Ͻ 0.01). Addition of both IIH6 and Ha2/5, a rat ␤1 chain antibody, induced a 85 Ϯ 7% decrease in the number of adhesive cells, whereas control, nonspecific mouse IgM did not induce a significant decrease of cell adhesion (7 Ϯ 4%). Furthermore, adding EDTA to the cell medium induced a 93 Ϯ 2% decrease in adhesive cells on a laminin support (p Ͻ 0.0001), which was totally reversed by adding Ca 2ϩ to the culture medium (Fig. 5F ).
Discussion
Basement membranes are highly specialized extracellular matrices largely composed of ubiquitous glycoproteins including collagen IV, laminin, perlecan, and nidogen/entactin (Colognato and Yurchenco, 2000; Erickson and Couchman, 2000; Tunggal et al, 2000) . At the ultrastructural level, the basement membrane appears as a sheet-like multilayered structure at the interface between epithelial and mesenchymal cells. The perisinusoidal space of the normal liver does not contain any organized basement membrane, although major constituents of the extracellular matrix components can be detected (Clement et al, 1985) . In contrast, one of the characteristic morphologic patterns observed during liver fibrosis and cirrhosis is "capillarization" of the liver sinusoid. In this condition, a well organized basement membrane appears in the perisinusoidal space when viewed at the ultrastructural level (Bioulac-Sage et al, 1988) . Because it has recently been shown that DG plays a fundamental role in early basement membrane assembly by facilitating the polymerization of laminins at the cell surface, we hypothesized that DG could also be implicated in basement Up-regulation of DG during liver fibrosis and HSC activation. A, On Sirius red staining, septal fibrosis is obvious both after chronic CCl4 treatment (upper panel) and after bile duct ligation (lower panel). B, Quantitative DG mRNA levels in sham (white bar) and fibrotic livers (hatched bar) in the two models of liver fibrosis (mean value of five animals Ϯ SD). mRNA was extracted from livers and quantified using real time RT-PCR. The mean mRNA level of DG in the sham livers is defined as 1 unit of mRNA. (* ϭ p Ͻ 0.05, ** ϭ p Ͻ 0.01 by comparison to the sham group). C, Western blot of lysates from rat skeletal muscle (lane 1), quiescent HSC at 1 day after isolation (lane 2), and HSC in their fully activated phenotype at 7 days after isolation (lane 3) using anti-␤-DG antibody.
Bedossa et al membrane formation in the Disse's space during fibrogenesis (Henry and Campbell, 1998) .
Also initially described at the skeletal muscle membrane, other mesenchymal and epithelial tissues constitutively express DG, according to several reports (Durbeej and Campbell, 1999; Durbeej et al, 1998b; Raats et al, 2000) . Indeed, we detected DG both at the protein and mRNA level not only in skeletal muscle but also, at a lower level, in several normal tissues including the liver. HSC are key cells in the process of liver fibrosis. During this process, HSC transform from quiescent lipid-storing round cells into pseudomyofibroblasts with acquisition of several new functions including production of major extracellular matrix components, motility, contraction, and multiplication (Eng and Friedman, 2000) . The role of HSC in DG production was confirmed after cell isolation. Although no signal was detected on Western blot of hepatocyte lysate, a specific 43-kd band was detected with anti-␤DG antibody and a specific band around 160 kd was observed using anti-␣-DG antibody in HSC lysate. Furthermore, immunofluorescence confirmed the presence of DG as patchy staining on the cell membrane of cultured HSC. Such a patchy membranous staining pattern has already been demonstrated in other cell types such as Purkinje cells, Schwann cells, and retina cells and has been considered to represent clustering of DG molecules (Campanelli et al, 1994; Cohen et al, 1997) . The HSC are normally considered to be mesenchymally derived. Recent works have demonstrated that HSC not only express smooth muscle markers but also the glial fibrillary acidic protein, the neural protein, nestin, and the prion protein (Niki et al, 1999) . These data have stimulated debate over whether HSC may be derived from the neural cells. Our demonstration of DG, a characteristic marker of both the central and peripheral nervous system, strengthen this hypothesis.
Our study shows that DG is constitutively expressed in the normal liver but at a low level. Because, in this condition, there is no basement membrane formation along the perisinusoidal space of the liver, we hypothesized that this extremely low level of DG expression was inefficient to concentrate laminin molecules aggregation and that up-regulation of DG could occur during liver fibrogenesis, allowing perisinusoidal basement membrane organization. In accordance with this hypothesis, we observed up-regulation of DG mRNA expression in two different models of liver fibrosis. Furthermore, Western blot showed up-regulation of DG during spontaneous HSC activation, a model reproducing phenotypic modifications observed during liver fibrogenesis. Therefore, up-regulation of DG during liver fibrosis should be involved in liver sinusoid capillarization.
The closely related laminin-1 and laminin-2 isoforms are cross-shaped molecules with a tandem of five laminin G-like modules at the distal COOH-terminal end of the long arm but with distinct differences in the precise location of these sites . Laminin-2 and, more recently, laminin-1 have been detected in the perisinusoidal space of the liver during the fibrogenesis process, and HSC have been shown 
Adhesion of HSC to laminin is inhibited by anti-␣-DG antibody.
A to E, HSC in their activated phenotype were seeded on laminin-coated dishes in the absence (A) or in the presence of anti-␣-DG (IIH6) at a 1:10 dilution (B), the presence of control IgM (C), 5 mM EDTA (D), or with EDTA and Ca 2ϩ (E). Photos were taken after 2 hours of incubation at 37°C. F, Quantification of cell adhesion on laminin alone or in the presence of IIH6, IIH6 and Ha2/5 (an anti-Beta1 integrin), control IgM, 5 mM EDTA, or 5 mM EDTA with Ca 2ϩ as determined by the lactate dehydrogenase activity released in the culture medium. Experiments were done in duplicate and repeated 2 times. Results are mean Ϯ SD. Values from laminin ϩ IIH6, laminin ϩ IIH6 and Ha2/5, or laminin ϩ EDTA are significantly less than laminin alone or laminin ϩ IgM or laminin ϩ EDTA and Ca (* ϭ p Ͻ 0.01, ** p Ͻ 0.001 by comparison to the laminin alone group).
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Laboratory Investigation • August 2002 • Volume 82 • Number 8 to be responsible for their production (Lietard et al, 1998) . In the present work, we show that, in HSC, ␣-DG is a key molecule in laminin-HSC interaction because antibody IIH6, a blocking antibody that binds to ␣-DG, partly and specifically inhibits HSC adhesion on the laminin substrate, whereas nonimmune Ig does not. These data strongly reinforce the functional role of DG at the cell surface. A constant feature is the strict calcium dependence of the laminin-␣-DG interaction (Ibraghimov-Beskrovnaya et al, 1992; Rambukkana et al, 1998; Shimizu et al, 1999) . We also show in these experiments that Ca 2ϩ chelation by EDTA inhibits the laminin-␣-DG interaction in HSC, an effect reversed by further addition of Ca 2ϩ . Taken together, these results suggest that during liver fibrogenesis, up-regulation of DG in HSC may facilitate the contact between laminin and the cell surface through a Ca 2ϩ -dependent mechanism, perhaps allowing the organization of the threedimensional laminar structure of basement membrane in the perisinusoidal space of the liver.
However, membrane receptors other than ␣-DG (such as integrins, a family of cell surface receptors) are involved in contact between cells and extracellular matrix. Previous reports have shown that HSC express several integrins including ␣1␤1, ␣2␤1, ␣8␤1, ␣ v␤ 1, and ␣6␤4, a group of heterodimers specifically involved in adhesion on laminin or fibronectin (Carloni et al, 1996; DiPersio et al, 1997; Iwamoto et al, 1998; Levine et al, 2000) . Furthermore, these molecules are up-regulated during activation of HSC and in an experimental model of liver fibrosis (Levine et al, 2000) . Because we observed that anti-␣ DG only partially inhibit laminin/HSC interaction and that adjunction of anti-␤1 antibody increased HSC detachment on laminin substrate, both ␣-DG and integrins should be coordinately involved in basement membrane formation and laminin interaction.
The role of DG in interactions between cell and extracellular matrix has been demonstrated and, according to the present study, also occurs in the liver. Although DG might be implicated in extracellular matrix organization of the perisinusoidal space, its functional role is under investigation. Several lines of evidence suggest that DG is part of an intracellular membrane-anchored signal transduction complex that interacts with the SH3-domain of Grb-2. Grb-2 is an adaptor protein that helps to initiate the Ras-MAP kinase signal transduction cascade and is involved in controlling cytoskeletal organization (Colognato et al, 1999; Russo et al, 2000) . Whether the DG complex is also involved in the structural reorganization of the cytoskeleton during HSC activation remains to be studied.
Materials and Methods
Source of Materials
Antibodies. Anti-␤-DG antibody (clone 43DAG1/ 8D5) was purchased from Novocastra (Newcastle, United Kingdom). 43DAG1/8D5 is a mouse IgG monoclonal antibody directed against a synthetic peptide composed of 15 amino acids of the extreme C-terminus of the human DG complex.
Anti-␣-DG (clone IIH6) is a monoclonal IgM antibody directed against the extracellular ␣-DG (kindly provided by K. Campbell, Howard Hughes Medical Institute, University of Iowa, College of Medicine) (Ervasti and Campbell, 1993) . Anti-rat ␤1 chain antibody (clone Ha2/5) was purchased from Becton Dickinson Transduction Laboratories (Le Pont de Claix, France).
Liver Biopsies and Tissue Samples. Normal livers (n ϭ 5) came from partial hepatectomy performed for size matching before transplantation. Cirrhotic livers (n ϭ 2) came from explanted livers with hepatitis C. For normal rat liver, we removed heart, kidney, lung, and skeletal muscle from three adult Sprague-Dawley rats. Tissues were snap-frozen in liquid nitrogen and stored at Ϫ80°C until use. All experiments were performed according to procedures approved by the ethical committee, and informed consent was obtained from each patient.
Immunofluorescence and Immunohistochemistry
For immunofluorescence, primary HSC were fixed in alcohol/methanol (v/v) for 10 minutes at 4°C. Samples were next washed two times in PBS for 5 minutes, then incubated with 43DAG antibody for 1 hour at a 1:100 dilution. After two PBS washes, samples were incubated with a fluoresceinated anti-mouse IgG (Sigma, Saint-Quentin Fallavier, France) for 1 hour at a 1:100 dilution. Slides were counterstained with Evans blue and viewed under a UV light microscope. For negative controls, cells or sections were incubated with normal serum or nonimmune Ig instead of the primary antibody.
The immunohistochemical procedure was performed on frozen sections of liver with the avidinbiotin-peroxidase method. Anti-␣-DG (clone IIH6) was used at a 1:100 dilution. We used normal sheep or rabbit serum or PBS as negative controls.
HSC and Hepatocyte Isolation
HSC were isolated from normal male Sprague-Dawley rats according to previously published protocols (Friedman and Roll, 1987) . Briefly, the liver was dispersed by perfusion with pronase and collagenase. The resulting nonparenchymal cell suspension was filtered through a nylon membrane and washed three times in GBSS buffer containing Ca 2ϩ (1.6 mM), Mg 2ϩ (1.2 mM), and DNAse, and then centrifuged through two successive Nycodenz gradients (Sigma), 15 and 10%, respectively. After each gradient, HSC were recovered from the interface between Nycodenz and medium containing 0.3% BSA, washed in DMEM, and plated on uncoated tissue plastic at a density of 130 ϫ 10 3 cells/cm 2 in DMEM supplemented with 10% each of calf and horse serum, 2 mM L-glutamine, 10 mM HEPES buffer, and 10000 UI/ml penicillin/10000 g/ml streptomycin. Cultures were incubated at 37°C in a humidified atmosphere containing 95% O 2 , 5% CO 2 , and the medium was changed every day. Viability was Bedossa et al assessed by trypan blue exclusion test. Purity was more than 95% as assessed by autofluorescence. Isolation of primary hepatocytes was performed according to the method of (Guguen-Guillouzo and Guillouzo, 1986) . Male Sprague-Dawley rats were used in all experiments.
Experimental Models of Fibrosis
CCl 4 -Induced Liver Fibrosis in Rats. Liver fibrosis was induced in Sprague-Dawley rats (180 gm; Charles River Laboratories, Margate, Kent, United Kingdom) by weekly intragastric administration of CCl 4 for 15 weeks (0.5 ml/kg). Animals were killed 1 week after the final administration. Each liver was removed and cut into small pieces. Samples were immediately frozen for protein and RNA extractions. Others were fixed in formalin and embedded in paraffin for hematoxylin and eosin staining.
Bile Duct Ligation Protocol. DG expression was also studied in a mechanistically different model of liver fibrosis. Male Sprague-Dawley rats were either bile duct ligated or sham operated. In brief, under light anesthesia, the common bile duct was double ligated and sectioned between the ligatures. Sham-operated rats were treated in the same manner except that the bile duct was gently manipulated but not ligated or sectioned. All animals were killed 3 weeks after the surgical procedure. Liver fragments were fixed in formalin and embedded in paraffin for hematoxylin and eosin and Sirius Red staining, while other pieces were snap-frozen for RNA and protein extraction.
Western Blot Analysis
Proteins extracted from HSC or liver were subjected to SDS-PAGE under reducing conditions on 10% acrylamide gels and transferred to nitrocellulose filters by electroblotting. The blot was incubated for 1 hour in Tween-PBS with 5% nonfat dry milk and incubated overnight at 4°C with any of the anti-DG antibodies (1:1000) diluted in Tween-PBS with 1% nonfat dry milk. The blot was then washed 6 times (15 minutes each) with Tween-PBS and incubated with peroxidase-labeled secondary antibody for 1 hour at room temperature (Sigma). After washes with Tween-PBS, the immunoreactive bands were detected using the ECL method.
Real-Time RT-PCR
mRNA were quantified by a real-time RT-PCR procedure (TaqMan). Quantitative real-time PCR was performed using the ABI PRISM 7700 Sequence Detection System (Perkin-Elmer Applied Biosystems, Foster City, California). The sequences of primers for PO (housekeeping genes encoding transcriptional factor) collagen ␣1(I) and DG were designed using computer programs Oligo 4.0 (National Biosciences, Plymouth, Minnesota) and Primer Express (Perkin-Elmer Applied Biosystems).
Total RNA was extracted from frozen rat liver tissue or HSC by using the acid-phenol guanidinium method.
Reverse transcription of total RNA was performed in a final volume of 20 l containing 1ϫ RT buffer (500 M each dNTP, 3 mM MgCl 2 , 75 mM KCl, 50 mM Tris-HCl pH 8.3), 10 U of RNasin inhibitor (Promega, Madison, Wisconsin), 10 mM dithiothreitol, 50 U of Superscript II RNase H Ϫ reverse transcriptase (Gibco BRL, Gaithersburg, Maryland), 1.5 M random hexamers (Pharmacia, Uppsala, Sweden), and 1 g of total RNA. Samples were incubated at 20°C for 10 minutes and 42°C for 30 minutes, and reverse transcriptase was inactivated by heating at 99°C for 5 minutes and cooling at 5°C for 5 minutes. Amplification reactions were set up in a reaction volume of 50 l by use of components (except for primers and probes) supplied in a TaqMan PCR Core Reagent Kit (Perkin-Elmer Applied Biosystems) .
Ten microliters of diluted RT samples were used for quantitative two-step PCR (a 10-minute step at 95°C, followed by 40 cycles of 15 seconds at 95°C and 1 minute at 65°C) in the presence of 200 nM specific forward and reverse primers, 100 nM specific fluorogenic probe, 5 mM MgCl 2 , 50 mM KCl, 10 mM Tris buffer (pH 8.3), 200 M dATP, dCTP, dGTP and 400 M dUTP, and 1.25 U of AmpliTaq Gold DNA polymerase (Perkin Elmer Applied Biosystems). Each sample was analyzed in duplicate, and a calibration curve constructed with a 10-fold serial dilution of total RNA extracted from immortalized HSC was run in parallel with each analysis. For each sample, the amount of DG was divided by the PO amount to obtain a normalized DG value.
Cell Adhesion Assay
After 7 days in culture, HSC in their fully activated phenotype were trypsinized and passaged. A total of 500,000 cells were added to 35-mm laminin-coated dishes (Becton Dickinson) in the absence or presence of IIH6 at a 1:100 dilution, nonspecific mouse IgM (Sigma), IIH6 and Ha2/5 at a 1:100 dilution, 5 mM EDTA or 5 mM EDTA plus 10 mM CaCl 2 . After 2 hours at 37°C, shape and adhesion of the cells were observed. For quantification of cell adhesion, the amount of lactate dehydrogenase released in the medium was measured according to the lactate dehydrogenase assay kit (Sigma) as described previously (Legrand et al, 1992) . Experiments were performed in duplicate. All LDH measures were compared with LDH measurement in medium of HSC incubated on laminin substrate without antibody or inhibitor and taken as reference.
